ABSTRACT
Therefore, a possible strategy to increase the final quality is the use of temperatures below 100 °C 79
(reducing the damage of thermosensitive compounds) and reducing the oxidative process by diminishing 80 the oxygen (Hui and others 2003) . Sous-vide and cook-vide are two cooking treatments with a reduced 81 access of the oxygen during cooking and the temperature applied is usually lower than 100 °C. There are 82 two main differences between both treatments. The first one is the presence of a pouch isolating the 83 product of the cooking media in sous-vide, while in cook-vide products are in contact with the cooking 84 media (water). The other one is the way of atmospheric conditions are modified. In sous-vide, samples are 85 vacuum sealed in a pouch and the cooking media is maintained under atmospheric pressure (Baldwin 86 Monde, Roscoff, France) were stored at 8 °C up to 5 days before carrying on the test. Potatoes were cut 120 into cylinders (15 mm in height × 20 mm in diameter) using a metal clay hole cutter. 121
Green bean pods (Phaseolus vulgaris L. cv. Estefania) were purchased from a local producer (S.A.T. 122
Agricola Perichan, Valencia, Spain) one day before the experiments. The green beans were stored in the 123 darkness at 5 °C until cooking process. The young pods of green beans cv. Estefania are very straight, long 124 (22-24 cm) and flattened. Before cooking, both ends of the pods were removed, and the green beans were 125 cut in 6-7 cm long pieces. 126
Carrots (Daucus carota L. cv. Nantesa) were purchased from a local company (Agrícola de Villena, Alicante, 127 Spain) one day before the experiments. The whole carrots were washed and cut into cylinders (15 mm in 128 height × 20 mm in diameter) using a metal clay hole cutter. The condition to accept samples was the 129 xylem tissue to be less than 10 mm diameter. 130 F o r P e e r R e v i e w 7 temperature is controlled and monitored through a digital system connected to a thermocouple 142 temperature sensor, which goes in the water bath (inside the cooker). To cook by cook-vide, products are 143 placed in the basket (Fig 1. panel 2) and it is hooked in a handle for lifting the cooking basket. The pot is 144 closed with a lid (3) that includes a handle. The basket is hung up avoiding contact with the heating media, 145 which is heated to a desired temperature. The vacuum pump is switched on (6) and the pressure is 146 reduced until the vapour-pressure-of-water at a selected temperature is reached. When the water is 147 boiling, the basket is taken down with the handle. At the end of the cooking time, the basket goes up and 148 the pressure is restored by opening the vacuum valve (7). After that, the lid is opened and the product can 149 be cooled to store refrigerated. 150
For sous-vide treatment, samples were placed avoiding the overlapping and they were vacuum-sealed 151 (98% vacuum) in heat-resistant polyethylene pouches (Cryovac® HT3050, Cryovac Sealed Air Corporation, 152
Barcelone, Spain) using a vacuum packaging machine (EV-25, Technotrip, Spain) applying a double sealing. 153
The permeability characteristics of pouches were: 10 g/24 h m for CO 2 transmission rate at 23 °C and 0% RH. The cooking treatment was performed with the previously 157 mentioned device with the traditional lid for atmospheric cooking. 158
After cooking with traditional cooking and cook-vide treatments, samples were vacuum-sealed (98% 159 vacuum) in heat-resistant polyethylene pouches (Cryovac®HT3050, Cryovac Sealed Air Corporation, 160
Barcelone, Spain) using a vacuum packaging machine (EV-25, Technotrip, Spain). 161
All samples were stored at 3-4 °C for 24 h before the instrumental measurements to simulate the 162 conditions in the catering industry that applies the sous-vide to minimize the workload during services. 163
EXPERIMENTAL DESIGN

164
For traditional cooking, temperature applied was 100 °C and cooking times are shown in Table 2 . The 165 cooking times were different for sous-vide and cook-vide compared to traditional cooking in order to 166 achieve two criteria. The first one is to have one cooking time in common with traditional cooking to allow 167 For cook-vide is necessary to reduce the water vapour pressure under the atmospheric pressure, for this 181 reason the cooking temperature is less than 100 °C. To facilitate the comparison between sous-vide and 182 cook-vide, the studied temperatures were 80 °C and 90 °C and each one was related to a specific time 183 (Table 2 ). According to the temperature, pressure inside the device varied from 47.3 to 69.7 kPa (absolute 184 pressure) because a vacuum pump low the pressure until the vapour pressure of water of the heating 185 media is reached during the cook-vide. 186 In green beans the texturometer was equipped with a 2mm diameter stainless-steel needle probe (TA 198 P/2N) and measurements were taken perpendicular to the surface of the pods and seeds were avoided. 199
INSTRUMENTAL TEXTURE ANALYSIS
Three measurements were carried out for each pod and six pods were analyzed for each treatment. = yellowness) and total color differences (ΔE*ab) were calculated following the equation (Eq. 1): 211
In potatoes and carrots, the surface color in the top and in the bottom of each cylinder was measured in 213 ten samples per treatment. For each treatment in green beans, ten samples of green beans were used to 214 measure the skin color and the measure was repeated two times on each individual pod. 215 For the test, green beans were removed from the pouches, they were placed on a paper for 1 min, and 237 then the samples were slightly dried with a paper. Then, samples were liquefied, after 20 mL of the 238 liquefied were placed into the titration beaker with 30 mL of oxalic acid solution (1 g/L, Panreac, 239
Barcelona, Spain), treated with 2 mL glyoxal solution (40%, Panreac, Barcelona, Spain), briefly stirred and 240 stood settle for 5 min. After the addition of 5 mL sulfuric acid (25% v/v, Panreac, Barcelona, Spain), it was 241 F o r P e e r R e v i e w 11 titrated with iodine (0.01 M, Panreac, Barcelona, Spain) up to the endpoint, which was considered the 242 greatest loss of mV. 243
The concentration was expressed as g of ascorbic acid per 100 g of product. Four repetitions were done 244 for each cooking treatment. 245
DETERMINATION OF β-CAROTENE 246
The methodology of Olives and others (2006) was used to extract the carotenoids present in carrots. For 247 the test, carrots were removed from the pouches, they were placed on a paper for 1 min, and then the 248 samples were slightly dried with a paper. After, 5 g of sample were placed in a beaker, protecting them 249 from light, and then they were mixed with 100 mL of acetone/ethanol/hexane 
MICROSTRUCTURE OF CELL WALL IN THE COOKED VEGETABLES
258
The sample microstructure was observed with a secondary electrons image using cryo-scanning electron 259 microscopy (cryo-SEM) with a JEOL JSM-5410 microscope (Jeol, Tokyo, Japan). A cryo-workstation Gatan 260 was used in this work. Samples were cut into rectangular pieces 4 x 1.5 x 5 mm. The samples, previously 261 frozen by immersion in slush nitrogen (-210 °C), fractured, etched and gold coated, were viewed in the 262 cryo-SEM. The sublimation conditions were: 5 kV, at -90 °C, 10 -5 Torr vacuum, for 15 min. The observation 263 conditions were 15 kV at 10 mm wd (working distance) and the liquid nitrogen temperature was -190 °C. 264
Using this technique, the fractured surface of the frozen sample was viewed directly at -150 °C or lower. 265
Micrographs of the preparation of purple-flesh potato, green bean pods and carrots were analyzed after a 266 day of storage at 4 °C. The micrographs were taken at 750 magnifications to observe changes in the cell 267 analyzed with one-way ANOVA. All ANOVA were followed by a LSD posthoc test to find out significant 272 differences (p≤0.05). The software employed was Statgraphics Centurion (STSC, Rockville, MD). 273 strength, and then, the firmness (Stolle-Smits and others 1995) (Fig. 2b) . This difference between heat 298 treatments could be the origin of the differences detected in the puncture test. 299
RESULTS AND DISCUSSION
EFFECTS OF COOKING TREATMENTS ON FIRMNESS
Regarding carrots (Fig. 2c and Fig. 2d ), the firmness of phloem (external) and xylem (internal) tissues were 300 could be explained by the leakage of anthocyanins (hydrophilic and choromophore compounds) in cooking 324 water using cook-vide and traditional cooking, while sous-vide treatment isolated the product from the 325 external cooking media. 326
Concerning green bean pods, raw samples were greener (-a*= -8.7 (0.5)) than cooked ones (from -1.5 (1.0) 327 to -5.0 (0.4)). These differences could be related with chlorophyll degradation, which converts the bright 328 green color to olive-color (Van Boekel 1999). Total color difference (ΔE*ab) ( 
EFFECT OF COOKING TREATMENTS ON ANTHOCYANINS, ASCORBIC ACID
346
AND β-CAROTENE
347
In purple-flesh potato, the anthocyanin content of raw samples was around 49 (10) cyanidin-3-glucoside 348 equivalents/100 g of cooked products (Fig. 4a) . In cooked samples contents ranged between 22.3 (13) to 349 52.7 (8) cyanidin-3-glucoside equivalents/100 g of cooked products. In the case of carrots (Fig. 4c) , β-carotene was selected as nutritional indicator because this compound is 386 chemically hydrophobic and sensitive to temperature and oxygen. β-carotene content in raw samples was 387 11 (2) mg of β-carotene/100 g of cooked product. This content was similar to the measured in sous-vide 388 samples (p>0.05) at 80 °C and 90 °C. Treatments in contact with boiling water (cook-vide at 80 °C and 90 389 °C, traditional cooking at 100 °C) resulted in higher β-carotene content than raw samples (p≤0.05) 390 probably due to a larger denaturation of carotenoproteins and a higher solubilisation of pectic substances 391 of the cell wall, leading these cooked samples to a better extractability and higher concentrations 392 determined. This better extractability has been related with a higher bioaccessibility (Failla and the cooking treatment. In this regard, the bioaccessibility could also be different. Therefore, Aherne and 397 others (2010) noticed cooking not only enhances the bioaccessibility and bioavailability of all-trans β-398 carotenes but also its cis forms. Their study suggests food matrix and degree of processing play important 399 roles on carotenoid isomerisation and β-carotene isomer bioavailability. Micrographs (Fig. 5) suggest a 400 different damage in the carrots cells, which could explain the different releasing level of carotenoids. 401
As a conclusion, it has been observed that sous-vide treatment preserved better anthocyanins and higher 402 levels of β-carotene were extracted in carrots boiled directly in contact with water (cook-vide and 403 traditional cooking). 404 containing starch granules) and lines (equivalent to the solute content) which were crystallized out in a 408 pure form after water sublimation process required during cryo-SEM preparation. Unlike raw samples with 409 lines of solutes in the cytoplasm, the starch gelatinized by high temperature completely filled the lumen of 410 the cytoplasm. During the gelatinization of starch, the molecule is hydrated with the available water, 411 creating the swelling pressure described by Jarvis (1992). In treatments with boiling water (traditional 412 cooking and cook-vide), the water media could diffuse through the damaged membranes and swells the 413 starch causing higher swelling pressure than sous-vide ones, which have only access to available water 414 from the internal water cells. Comparing sous-vide and cook-vide, starch gelatinized in cook-vide samples 415 was visually more homogeneous (probably due to a larger hydration) than that gelatinized in sous-vide 416 ones. Swelling pressure avoided the wrinkle of the cell wall observed in the micrographs of the sous-vide 417 cells. No differences were described in the firmness between those treatments (Fig. 2a) , probably because 418 the gelatinization has a slight effect in the firmness loss as suggested by Verlinden (1995) . Therefore, 419
MICROSTRUCTURE OF COOKED VEGETABLES.
Iborra-Bernad and others (2014b) observed that adhesiveness and cohesiveness was higher in purple-flesh 420 (Fig. 5b) . As described by Reeve and Brown (1968) sous-vide samples displayed some organelles which suggest a less aggressive treatment. It could explain 444 that β-carotene values of sous-vide samples were similar those measured in raw samples (Fig. 4c) . 445 Fig. 1 . Vacuum cooking system: (1) heating element and temperature probe, (2) pan, (3) lid, (4) 598 temperature selector, (5) manometer, (6) vacuum pump and (7) 
